












































































































































































Table 2. Summary of bioassays.

Bioassay~ Treatments1

Continuous Copper Nickel Lakes Dates (1977) Duration

CUltures (pg!l) (pg/l) pH Combinations start End (days)

Run ]. 50, 100, .. .. .. Birch, Greenwood June 11 - June 27 17200

2
20, 50, - .. .. Birch, Greenwood July 6 - July 23 18100

3 - 100, 400, .. .. Birch, Greenwood July 27 - Aug. 13 181000

4 100 800 100 Cu -+ Birch, Greenwood Aug. 20 - Sept. 3 15.. ,Boo Ni

5 50, 100 1000 - none C1eanTater, Oct. 14 - Oct. 26 13South HcDougal

6 100 600 4.5 all Birch Nov. 5 - Nov. 21 17

7 100 400 5.0 all Birch Dec. 1 - Dec. 15 15

Field Tests "

Run 12 50, 100, .. - - Birch, Greenvrood June 15 - June 20 6200

2 20, 50, .. - - ' Birch, Greenwood July 2 - July 18 17100

3 - 100, 400, .. .. Birch, Greem-rood July 26 - Aug. 13 191000

4 50, 100 800 100 Cu +.
llirch, Greenwood Aug. 18 - Sept. 8 22- 800 Ni

Increased and
5 50 decreased large all Greemvood Sept.. 26 - Oct. 7 12

zooplfu~~ter density

~etal concentrations are nominal values. 2Po1yet~lene bag enclosureso

See Tables 4a and 4b for meaaured values ..



Table 3. Lake temperature and water chemistry at 0.5 m depth during bioassayso

La.ke Total

I Hetals (p.g/l)
Organic Carbon

Run I Lake I Temperature Alkalinity pH (rng!l)
(OC) (mg/l CaC0

3
) Total Cu Total Ni TOC DOC

1 (Field I Birch I 16-22 24

I
6.7 1.5 - 15 14

and Lab) Greenwood 18-20 7 6.1 <2 25 24-
2 (Field I

Birch 22-23 "22 I 6.7
I

1.4 - 16 17
and Lab)

Green~'lOod 17-22 6 6~3 1.8 26 26I -
3 (J?ield Birch 19-23 21 6.8 - <2 17 17
and Lab) Greenwood 18-20 6 6.3 - <2 25 25

4 -(Field Birch 18 20 6.7 2.0 12 18 20
and Lab)

Green~'lOod Jl5-18 5 6.3 2.3 5 25 27

--' I~. Id) Green1'100d 11 3 r 6.2
I

3h 33) \.t?'le - -

5 (Lab) Cleanvater 8' 11 6.5 0.9 <1

I
6 1

S.McDougal 5 9 6.9 1.6 <1 35 34

7 16 6.8 .t - - J 22

16 6.8 J - - I 23



Table 4a.. Summar.f of nominal aJld measured metal concentrations (pg/l)
in continuous culture bioassays.

TREATHENT

Run LaJce Copper Nickel Copper/Nickel
Nominal Heasured l'Jominal lIeasured Nominal Heasured

So 44
Birch 100 91 ... ...

1 200 200
I:

50 46
Greenwood 100 85 - ...

200 170

20 18
Birch 50 43 - ...

2 100 103

20 20
Green\\lOod 50 45 ... ...

100 94
..

100 88 I'

Birch ... 400 350 ...

3
1000 900

100 93
Green~'IOod - 400 360 ...

1000 925 :
'I'p

4 Birch 100. 80 800 725. 100/800 71/730

Green~vood 100 77 800 745 100/800 77/7'40

Cleanmter 50 43 1000 990 ...
5 100 85

South HcDougal 50 43 1000 1000 ....
100 90

6 Birch 100 98 600 640 100/600 98/630

Birch (low pH) 100 101 600 570 100/600 91/610
. -

7 Birch 100 100 400 370 100/400 99/400
Birch (101-1 pH) 100 101 400 400 100/400 99/400



Table 4b. SUllliilary of nominal and rn.easured metal concentrations Cng/l)
i

in field bioass~s.

TREATHENT ;
~

Run La1{e
Copper Nickel Copper/Nickel i

Measured Heasured l1easured {

Nominal (Ivlean) iIominal (Hean) Nominal (Nean) I
50 44

Birch 100 - - -
1 200 160

50 -
Greenwood 100 86 - -

200 165

20 20
Birch 50 37 - -

2
100 81

20 19
Greenwood 50 40 - -

100 80

100 97
Birch - 400 360 -

3
1000 895

100 93
Green\.JOod - 400 350 -

1000 900

Birch 50 40 800 783 100/800' 83/810
4 100 85

GreenwoOd 50 38 800 763 100/800 78/790100 77
:

Birch 50 44
5 Birch (hi zoo) 50 50 - ....

Birch. (101'1 zoo) 50 48



Table 5. Summary of bioassay results.

Treatment 'Efi'ecta

Run Lake Cu (fIg/].) 10. (pg/l) pH Lab Field

50 toxic, peak day 13 toxic
Birch 100 .. .. tonc ..

1 200 toxic torle

50 tone -
O:reen'WQod 100 eo .. toxic toxLc

200 tonc toxic
..

20 slightly to:cic? peak day 13 ~ lfu conclusions
Birch 50 .. .. stimulatory, peak day 10 due to poor replication

2
100 to:cl.c of treatment.9

,20 slightly to:cic? no effect
Greenwo04 SO .. .. atiraulatory, peak day 14 no effect

100 tonc to:cic, then recovers

100 stimulatory, peak d~ 14 no effect
Birch ... 400 .. slightJ.y toxic? slightly toxic?

3
1000 toxic toxic

100 toxic, one culturepeak~ no effect
Green'WOOd .. hOO ... tonc no effect

1000 to:cie slightly toxic

50 .. to:x:i.c, then recovers

Birch 100 .. toxic toxic, then recovers
800 toxic toxic

4 100 • 800 toxic toxic

50 - st:imu1atory

Greenwood 100 .. toxic stimulatory
800 tone toxic, then recovers

100 .. 800 tone toxic, partially recovers
'"

50 no effect
50 .. zooplankton removed ~ stimulatory

5 GreeniolOOd SO ... zoop1a.n.l.(ton added .. stimulatory, then declines
zooplankton removed stimulatory
zooplankton added no effect

Clear- 50 toxic

water 100 .. tone ...
1000 tonc

5

South 50 toxic

l1cDougal. 100 .. toxic, partially recovers ..
1000 toxic

100 toxic, partiall.y recovers
600 toxic

100 ... 600 toxic
6 Birch 6.2 no effect until pH • 4.5 -

100 6.2 toxic
600 6.2 toxic

100 + 600 6.2 toxic

100 slightly toXic, recovers
400 slighUy toxic; recovers

100 ... 400 toxic
7 Birch 5.0 stirrnllatory ..

100 5.0 slight.ly toxic
400 5.0 tone

100 + 400 5.0 toxic



Table 6. Eelati~V'e production/biornass ratios, field Run 4,
Green~'lOod Lal<:B.. Values from different dates are
not comparable ..

Date TreatrJ.ent Rel ative PIB

Control 179
206

Sept. 9
50 P.g/l eu 152

(DC\? 22)

100 P.g/l eu 186
195

Control 112

Sept. 4
104

(Day 17) 50 Fg/l Cu 113

100 pg/l Cu 127
124



Table 7. 11elative production/biomass ratios, field Run 5,
Green~rood L~<e. Values from different dates are
not comparable.

Date Treatment Relative P!B

Control 715
639

Large zooplankton removed. 738

Oct. 5 Large zooplankton added 722

(Day 10)
50 J1g/1 Cu 704

........--.----
50 pg/l Gu, large I La3

zooplanl~ton removed

50 p.g/l Cu, lart;e 765
zoo',)l a."1kton added 572

$I

Control 865
800

Large zoopl~~ton r~~oved 386

Sept. 30 Large zooplankton added 987

(Day 5) 50 rg/I GIl 855

So ~g/l Cu, 1 arge 487zoop ankton removed

50 pg/l Cu, lar~e 99h
zooplwi~ton added 928



Table 8.. Bacteria population COU11t$, field Run 5, Green~'rood LaL:e ..
Sa~les collected and plated Oct. 7, 1977; plates cOlli~ted

Oct. 9, 1977.

Treat.'lient Colonies/ml Stcmda...-rd.
Deviation

Control 3350 ltD.
345 120

Large zooplankton removed 1080 156

Large zooplankton added· 590 127
668 263

---

50 p.g/l Cu 1535 149

50 pg/l Gu, large zooplankton 3360 481
removed 3605 403

--
50 pg/l Cu, large zooplankton 720 42

added 1460 57

Lake "Hater" 0.5 m Glepth 159 31



Table 9. Cell counts, continuous culture Run 2, day Ih. Nlunbers
are units/ml. NS = no sample. P = present•.

Treatment
Lake Species Control 50 p.g/l Cu 100 pg/l Cu

Fragilaria crotonensis 130 499 p
NS 1,019 NS

Birch Synedra incisa 332 2,589 5
lIS 309 NS

Syn.cdra rumpens : 1,4LtJ 8,203 0
NS 10, ~.36 NS

Green'tlJOod Synedra rumpens 1,622 h,586 0
0 NS 0

"



Table lOa. Cell counts, field Run 2., day 16 (Birch Lake).
Numbers are units/ml. P = present",

Treatment
Lake Species

Control 20 pg/I Cu 50 p-g/l eu 100 lug/I eu

Achnanthes rninutissima 26 145 4L0.t 5
67 170 398 5

Fragilaria crotonensis 1,694 4,969 1,952 93
2,753 2,960 3,698 253

Nitzschia spp. 77 279 398 36
46 145 274 5

Tabellaria i'enestrata 243 300 p 26
274 72 41 21

'.

36Birch Crucigenia quadrat-a 10 0 P

(ddY 16) 88 0 p p
_.

Total blue-green algae 98 30 5 5
(except ~nenel1um) 294 10 0 25

",.

Dinobryon bavaricum 5 10 5 103
p 0 10 129

I~nobryon divergens 21 129 31 656
160 5 119 h08

Dinobryon sociale & subsp. 0 31 5 310
0 0 72 449

HyalobrJon spp. 0 0 p 310
0 0 21 516



Table lOb. Cell counts, field Run 2, day 14 (Greentrood Lake).
Numbers are units/ml"

Treatment
Lake Species Control 20 pg/l Cu 50 pg/1 eu 100 J.lg/l eu

I

Asterionella forinosa 21 62 114 181
10 93 196 268

..

Fragilaria crotonensis 10 46 57 1,441
72 93 227 836

Fragi1aria vaucheriac 0 0 108 0

Green1>JDod 0 41 114 1,h26

(day 14)
Nitzschia spp. 98 129 62 1,839

186 160 . 532 124-
_.

Tabellaria fenestrata 36 124 129 93
36 222 222 72

Spondylosium planum 52 145 145 287
46 83 196 434

Coe1osphael~um naege1ianum 1,188 744 a li4
780 a 150 0



Table 11. Cell counts, field Run 3, day 16 (Birch) and
d~ 18 (Green~~od). Numbers are units/ml.

Treatment
Lake Species Control 100 pg/l Hi 400 pg/l Hi 1000 pg/l Ni

SiJIledra spp. 420 275 6 13
306 46 62 9

11icractiniura pusi11um 36 166 22 5
2 253 0 12

Birch Anabaena circinalis 101.1- 42 0 13
(day 16) 80 0 24 0

Anabaena p1anctonica 213 166 21 0
t

150 6931 19
, _. Aphanocapsa delic.atissima 99 36 6 12

73 67 28 1

Total blue-green algae 706 358 98 135
(except Agmenellum) 542 273 209 114

Oscillatoria pseudo- 77 98 8 0
GreenvlOod geTl1inata 62 0 10 0

(day 18) Unidentified flagellates 62 10 5 0
26 0 0 0



Table, 12a. Cell counts, field Run 4, day 21 (Birch Lake) II

Numbers are units/ml. P = present.

Treatment 100 pg/l Cu +Lake Species
Control 50 pg/l Cu 100 pg/l Cu 800 pg/l Ni 800 pg/1 Ni

Asterionella formosa 337 654 186 196 126
305 374 238 176 119

Fragilaria crotonensis 130 218 170 41 70
341 254 155 55 71

Nitzschia spp. 202 913 77 23 6
62 726 150 3 1h

Rhizoso1enia eriensis 0 21 176 28 13
10 16 289 14 17

Synedra spp. 16 343 P 10 13

Birch
15 737 15 17 12

(day 21)
tffiabaena nlcmctonica 145 0 0 52 0.

114 0 0, 19 0

Aphanocapsa delicatissima 192 15 5 2 6
I

_.
57 0 a 3 10

Aphanizomenon flos-pguae 1,157 5 0 ill 1
744 0 0 158 0

Coelosphaerium naegelianum 171 26 0 31 p

67 16 p 14 0

Osci11atona geminata 36 0 0 13 0
L13'- 0 0 10 0

Phormidium spp. 73 0 10 10 5
t' 186 0 P 7 7

Hyalobryoll spp. 0 0 1,751 0 0

:5 10 1,178 0 0

Dinob~Jon divergens 0 99 72 10 9
5 42 83 7 5



Table 12b. Cell counts, field Run 4, day 21 (Greenwood Lake) ..
Numbers are units/ml. P = present.

Treatment
100 pg/l eu +La-tee Species 50 pg/1 eu 100 JIg/I Cu 800 pg/l NiControl 800 ps/l Ni

Asterionella formosa 0 1,131 296 86 325
100 88·2 309 127 168

Tabe11aria fenestrata 225 300 5 65 28
168 145 39 65 99

Greenwood Aphanocapsa de1icatissima 29 P 0 13 0
38 10 16 26 0

(day 21) Chroomonas acuta 42 0 10 2 0
74 62 78 0 0

Cryptomonas eros"'a 2h 0 5 0 0
42 62 28 5 0

I

28 8C~1Ptomonas reflexa 0 0 0
45 36 8 0 0



Table 13. Cell counts" fi.eld Run 5, day 11 (GreenvJood Lake).
Numbers are units/rnl. NS:: no sample. p:c present.

Treatment

Lake Species Control
Large zooplankters Large zQoplankters

removed removed + 50 pg!l Cu

Asterionella formosa 82 86 238
Grcent·;roo,d NS NS 97

_ (day 11) Chroomonas acuta 0 61 55
NS NS 58

Cryptomonas spp. 0 p 67
NS. NS 31




